For aerospace applications, eutectic Sn-Pb solder has been used for soldered joints requiring high reliability. However, the use of lead-free electronic components has been spreading and such components have been required. For lead-free electronic components, electrode materials have been changed from Sn-Pb alloys to lead-free materials. In joints with eutectic Sn-Pb solder and Ni/Pd/Au electrodes, degradation of the mechanical properties of the solder due to the dissolution of Au and Pd into the solder is a concern. In this study, the effect of Au and Pd impurities on the tensile properties of eutectic Sn-Pb solder was examined.
Introduction
Since RoHS legislation was enacted in 2006, lead-free soldering has spread to many electronic products. Sn-Ag-Cu alloys are the most popular substitutes for eutectic Sn-Pb solder. Compared with eutectic Sn-Pb solder, the Sn-AgCu alloys have several demerits; higher liquidus temperature, poorer wettability, lower elongation, lower fatigue life at high temperatures, whisker problems, and so on. Due to these properties, eutectic Sn-Pb solder is still used in some applications, especially those which require high reliability.
For aerospace applications, eutectic Sn-Pb solder has been used to maintain high reliability of solder joints. However, lead-free electronic components have become more widespread and thus it has become necessary to use these components. For lead-free electronic components, the electrode materials have been changed from Sn-Pb alloys to Sn, lead-free alloys, Ni/Pd/Au, and so on. In particular, degradation of the mechanical properties of the solder due to dissolution of Au and Pd into the solder is a concern in the joints with eutectic Sn-Pb solder and a Ni/Pd/Au electrode.
The purpose of this study is to examine the effect of Au and Pd impurities on the tensile properties of eutectic SnPb solder using micro size specimens by Kariya's method. [1] [2] [3] [4] Moreover, microstructure observation was conducted. Sn-37Pb solders with Au added and five types of Sn-37Pb solders with Pd added were prepared. Sn-37Pb solder was also prepared for comparison. The solidus temperatures listed in Table 1 were measured by differential scanning calorimetry (DSC). The heating rate of the DSC measurement was set to 20°C/min from 50°C to 120°C and 2°C/min from 120°C to 300°C. The measurement was conducted only in heating each solder specimen of approximately 20 mg. Figure 1 shows an example of the measurement result. Three measurements were conducted for each solder type and the solidus temperature was estimated as the average of the three. All solders were prepared as wires 2 mm in diameter. From the wire, micro size specimens with a diameter of 1 mm and a gauge length of 2.4 mm were fabricated using a metal mold and a hot plate. [2] The heating temperature and heating time over 183°C were set to 223°C and 130 s, respectively.
Experimental
Microstructure observation of the cross section of the gauge area was performed using an electron probe X-ray microanalyzer (EPMA). The tensile test was conducted at a strain rate of 1.67 × 10 -3 s -1 at room temperature using a micro-load test system (LMH207-10, Saginomiya Seisakusho). A similar microstructure has been also observed in SnPb-Au solder [5] and in a joint with a Au bump and Sn- 37Pb solder. [6] In the solder with 3% Au, the formation of rod-shaped phases was not observed and a finer microstructure was observed. For the Sn-Pb-Au system, it has been reported that the ternary eutectic composition is 3%
Results and Discussion

Microstructures
Au and a fine ternary eutectic microstructure, which consists of Sn, Pb and AuSn 4 , is formed in the ternary eutectic solder. [7] On the basis of the results of the EPMA mapping analysis, Sn, Pb and Au are detected in the finer microstructure in the solder with 3% Au, and thus the finer microstructure seems to be a fine ternary eutectic microstructure. Moreover, it has been reported that primary Pbrich, Sn-Pb eutectic and ternary eutectic are formed in hypoeutectic alloys and Pb, AuSn 4 and ternary eutectic are formed in hypereutectic alloys. [7] Similar microstructures were observed in this study. Figure 6 shows the tensile properties of the Sn-37Pb solder with Au added. The tensile strength is stable at approximately 50 MPa regardless of the Au content investigated.
Tensile properties
It is higher than that of Sn-37Pb solder. On the other hand, elongation reduces with increasing Au content. It has been reported that the addition of over 4% Au degrades the mechanical properties of Sn-37Pb solder in a mechanical test using large specimens. [5] It has also been reported that elongation drops approximately 30% with the addition of 4% Au to the solder. [5] In this study, an elongation drop of over 30% was observed in the solder with over 3% Au. Therefore, the Au content in Sn-37Pb solder should be limited to below 2% for micro joints. As described above, a fine ternary eutectic microstructure is formed in the solder with 3% Au. Moreover, the microstructure is not uniform as shown in Fig. 2 . If the fine ternary eutectic microstructure was formed evenly, the ductility of the solder would be maintained at a higher level. In the solder with 3%
Au, irregular formation of the ternary eutectic microstructure would cause a significant decrease in elongation. In the solders with 4% and 5% Au, rod-shaped Au-Sn compounds are formed in the solders. Since the Au-Sn compounds are more brittle than the other phases, cracks easily occur at the interfaces between the Au-Sn compounds and other phases or within the Au-Sn compounds. Thus, in Sn-37Pb solders with 4% and 5% Au added, ductility would degrade. Figure 7 shows the tensile properties of the Sn-37Pb
solder with Pd added. The tensile strength gradually increases with increasing Pd up to 4%. Moreover, the ten- 
Conclusion
In this study, the effect of Au and Pd impurities on the tensile properties of eutectic Sn-Pb solder was investi- 
